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(57) Abstract: A transmission comprises a first epicyclic train (23) having a first carrier member (23), which carries at least one first 
planet member (24) which is in driving engagement with a first annulus member (26) and with a first sun wheel (19) member and a 
second epicyclic train (34) comprising a second carrier member (33), which carries at least one second planet member (31) which 
is in driving engagement with a second annulus member (30) and with a second sun wheel (18) member wherein the first carrier 
member (23) is connected to the second annulus member (30) and the first (19) and second sun wheel (18) members being connected 
together, the first annulus (26) is connected to ground through a first electric motor (13) and the second sun wheel (1 8) is connected 
to ground through a second electric motor (15), one of said members of the first train (23) provides an input to said transmission and 
one of said members of the second train (34) provides an output of said transmission and there being control means to permit the 
speed of said motors (13, 15) to be varied to vary the output speed of the transmission. 
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Title: Single Regime Power Split Transmission 
Description of Invention 

This invention relates to a transmission in or for an automotive vehicle 
with at least two wheels and of up to approximately 5 tonnes gross weight. 
Such a transmission is referred to hereinafter as being of the kind specified. 

An object of the invention is to provide a new and improved 
transmission of the kind specified. 

According to the invention we provide a transmission of the kind 
specified comprising a first epicyclic train having a first carrier member, which 
carries at least one first planet member which is in driving engagement with a 
first annulus member and with a first sun wheel member and a second epicyclic 
train comprising a second carrier member, which carries at least one second 
planet member which is in driving engagement with a second annulus member 
and with a second sun wheel member wherein the first carrier member is 
connected to the second annulus member and the first and second sun wheel 
members being connected together, the first annulus is connected to ground 
through a first electric motor and the second sun wheel is connected to ground 
through a second electric motor, one of said members of the first train provides 
an input to said transmission and one of said members of the second train 
provides an output of said transmission and there being control means to permit 
the speed of said motors to be varied to vary the output speed of the 
transmission. 

The first carrier of the first train may provide an input of the said 
transmission. 

The second carrier of the second train may provide an output of said 
transmission. 

The output of the transmission may be connected to the wheels of- a 
vehicle. 
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The output of the transmission may provide an input to at least one other 
transmission. 

The output of the other transmission or of at least one of the other 
transmissions may be connected to the wheels of a vehicle. 

The output of the transmission or of the other transmission or of at least 
one of the other transmissions may be connected to the wheels of a vehicle via a 
clutch means and/or a differential means. 

The first motor may comprise a rotor connected to the first annulus 
member and a stator connected to ground. 

The first annulus member may be mounted to rotate fixedly with the 
rotor of the first motor. 

The second motor may comprise a rotor connected to the second sun 
gear member. 

The first sun member and the second sun member may be fixed to rotate 
with a shaft and the rotor of the second motor may also be adapted to rotate 
with said shaft. 

The first sun member, second sun member and the rotor of the second 
motor may be longitudinally disposed on said shaft in said order. 

Bearing means may be provided between the first carrier member and 
the first annulus member. 

Alternatively, the first planet members and the first annulus member may 
be mutually supported by virtue of said interengagement therebetween. 

All the interengaging members may comprise gear wheels. 

Further alternatively, the first planetary members may comprise taper 
rollers in frictional engagement with said first annulus member and said first 
sun wheel member. 

Biasing means may be provided to bias said planetary members into said 
frictional engagement and reaction means may be provided for said "first 
annulus member and said first sun wheel member. 
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Each electric motor may be a switched reluctance motor. 

The transmission may be a power split transmission in which means are 
provided to supply electrical power to one of said motors from the other of said 
motors. 

As a result the transmission does not require any external electrical 
power supply. 

The transmission may be provided with an electrical energy storage 
means in which electrical power generated by either of said motors is stored. 

For example, when the transmission is operated at a relatively slow 
speed and/or the vehicle is braking an amount of electrical power is generated 
which is not required by either motor and this is stored in the energy storage 
means. 

Power may be supplied from the energy storage means to at least one of 
said motors to limit variation in the amount of power supplied to one or other of 
said motors. 

The input of the transmission may be connected to an engine such as an 
internal combustion engine or an electric motor or indeed any other type of 
prime mover. Alternatively the input may be connected to an output of any 
design form of transmission from a prime mover. 

The output of the transmission may be connected to the wheels of a 
vehicle but may be connected into another transmission of any kind including, 
for example, another power split transmission. Any vehicle within which the 
transmission is provided may be provided with a plurality of transmissions 
according to the present invention. 

Three embodiments of the invention will now be described by way of 
example with reference to the accompanying drawings wherein :- 

Figure 1 is a diagrammatic representation of a first transmission 
embodying the invention, 
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Figure 2 is a diagrammatic representation of a second transmission 
embodying the invention, 

Figure 3 is a diagrammatic representation of a third embodiment of the 
invention, 

Figure 4 comprises twelve tables setting out details of the transmission 
described herein when connected to a prime mover comprising a 74 kilowatt 
internal combustion engine operating at 3200 rpm with the transmission set at 
the twelve different settings referred to in each sheet, 

Figure 5 is a spreadsheet setting out how the figures shown in Sheets 1- 
12 of Figure 4 have been calculated, and 

Figure 6 is a graphical illustration in which traction and efficiency are 
plotted against speed. 

Referring now to Figure 1, a transmission is indicated generally at 10 
and comprises a housing 11 which provides a ground. 

Fixed to the housing 1 1 is a stator 12 of a first electric motor 13. In the 
present example, electric motor 13 is of the "switched reluctance" type. The 
housing 11 also has fixed thereto a stator 14 of a second electric motor 15 also 
of the "switched reluctance" type. 

The housing 11 also carries, via a suitable bearing means 16a, a shaft 16 
which is rotatable relative to the housing 1 1 and fixedly carries a rotor 17 of the 
motor 15, a second sun wheel member 18 and a first sun wheel member 19, 
each of which comprises a gear. In addition a bearing, not shown, is provided 
between an end part 20 of the shaft 16 and a recess 21 provided in a flywheel 
22 of a prime mover. The flywheel 22 also provides a first carrier member 
having a plurality of shafts 23, three in the present example, on each of which a 
first planet member 24 is rotatably mounted by bearing means 25. 

The planet members 24 comprise gears which are in mesh with -an 
annulus member 26, which also comprise a gear, and thus the first annulus 
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member 26, first planetary member 24 together with the first carrier member 23 
and the first sun wheel member 19 provide a first epicyclic, gear, train 27. 

The annulus member 26 fixedly carries a rotor 28 of the first electric 
motor 12. Suitable bearing means 29 are provided between the first annulus 
member 26 and the first carrier member 23 . 

The first carrier 23 is also connected to a second annulus member 30 
which comprises a gear which is in mesh with the second planet members 3 1 
carried by shafts 32 of a second carrier member 33. 

The number of first planet members and second planet members 
although comprising three, in each case, in the present example may be less or 
more than this figure and either the same or a different number of planet wheels 
may be provided in each epicyclic train. 

The planet members 31 comprises gears are also in mesh with the 
second sun, gear, member 18 and so the second annulus member 30, said planet 
member 31 and second sun wheel member 18 together provide a second 
epicyclic, gear, train 34. 

The second carrier member 33 is provided with a set of gear teeth 35 
which mesh with a gear 36 carried on a shaft 37 which is carried in bearings 38 
carried by the housing 11. 

An oil seal 39 is provided between the flywheel 22 and the housing 11. 
Similarly an oil seal 39a is provided between the housing 11 and the output 
shaft 37. The shaft 37 is connected,where desired, by a clutch to, for example, 
wheels or other item to be driven by the transmission and, if desired, in 
addition, or alternatively, at least one differential may be connected to the shaft 
37. 

In use, the flywheel 22 is driven by a prime mover which, for example, 
may be an internal combustion engine or may be of any other desired -type 
including for example an electric motor. The flywheel 22 is rotated either at a 
constant speed by the prime mover or the speed of the prime mover is varied so 
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as to vary the speed of rotation of the flywheel. In either case the power 
provided to the first electric motor 13 from the second electric motor 15 or vice 
versa is varied as desired to achieve a desired torque split between the ..two 
differentials therefore providing a desired output speed of the shaft 37. The 
variation in the speed of the motors is preferably achieved by a suitable 
electronic controller programmed according to the desired output of the 
transmission. 

No external electrical power is required to be supplied since electrical 
power generated by one of the electric motors by rotation of the rotor of the 
electric motor relative to the stator may be fed to the other electric motor so as 
to drive its rotor with the electrical power thus generated. 

Referring now to Figure 2, in which the same reference numerals have 
been used as were used in Figure 1 for corresponding parts. This embodiment 
is similar to that shown in Figure 1 but differs from that shown in Figure 1 by 
virtue of the absence of a separate bearing means between the first annular 
member and the first carrier member 23. In this case the gears are 
manufactured accurately so that the gears interengage and act as a bearing 
means. In addition the first rotor 29 is symmetrically disposed relative to the 
stator 12 so as to avoid any axial loads. In addition, the planet members are 
equally spaced so that there are no offset loads to upset the balance. 

In the embodiment shown in Figure 3, again the same reference 
numerals have been used to refer to corresponding parts as were used in Figure 
1 but in this case instead of the first annulus member 26 being provided with 
teeth which engage with the teeth of the first planetary wheel members 24, 
which are themselves engaged with the first sun gear 19, the first annulus 
member, first planetary members and first sun wheel are formed as* tapered 
rollers, which are axially forced into engagement to provide a frictional drive; 
For this reason these components are indicated in Figure 3 by the same 
reference numbers as used in Figures 1 and 2 with the addition of a prime sign. 
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The required axial load is achieved by providing the Belleville washers 
indicated at 40 in Figure 3 which serve to urge the first planetary wheel 
members 24' to the right in Figure 3 and so cause frictional engagement 
between the first planetary wheel members 24' and the first annulus member 
26' and the first sun wheel member 19' respectively. To accommodate the 
thrust thus provided by the Belleville washers 40, thrust bearing means 41, 42 
are provided. In addition, because of built in non-symmetrical disposition of 
the stator and rotor 26, 28 on rotation additional magnetic loads which are 
torque dependent will be created which are supported by the thrust bearing 
means 43. 

It should be noted that for starting the engine it is not necessary to 
disengage any clutches with which the engine may be provided since the 
electric motors can keep the vehicle stationary during the starting procedure. If 
a clutch is provided and if it is disengaged in an emergency then the electric 
motors can synchronise the relevant clutch halves for easy engagement. 

In any of the embodiments described hereinbefore if desired energy 
storage means, for example a suitable battery, may be connected to at least one 
and preferably to both of the motors. As a result when the transmission is 
operated at a relatively slow speed and/or the vehicle is braking an amount of 
electrical power is generated and this is fed to and stored in the energy storage 
means. 

Power may be supplied from the energy storage means to at least one of 
the motors to limit variation in the amount of power supplied to the other of 
said motors. 

If desired electrical power may be supplied to other external means such 
as regenerative or dump resistor to assist in braking of the engine for example 
as shown in Sheet 12 of Figure 4. 

It is important to maintain the power requirements of the electrical 
motors to a minimum to reduce cost and to increase transmission efficiency 
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particularly as electrical control of motors can be expensive for high powers 
and the efficiency of motors and generators, combined is not greater than for 
example 80% whereas mechanical efficiency can be as high as 97%. for 
example. 

The present invention provides a power shaft transmission which 
circulates relatively little electrical power, especially if the engine speed is 
always readjusted by the vehicle controller to run the transmission close to one 
of the electrical power node points. These node points occur, when one of the 
motors is at a standstill and therefore cannot generate nor absorb any power. 
This is the condition shown in Sheets 3 and 4 of Figure 4. 

It will be clear to a person of skill in the art that for each different 
vehicle and engine combination the ratios of the transmission have to be 
adjusted to make the node points most effective. 

In the present specification "comprise" means "includes or consists of 
and "comprising" means "including or consisting of. 

The features disclosed in the foregoing description, or the following 
claims, or the accompanying drawings, expressed in their specific forms or in 
terms of a means for performing the disclosed function, or a method or process 
for attaining the disclosed result, as appropriate, may, separately, or in any 
combination of such features, be utilised for realising the invention in diverse 
forms thereof. 



WO 01/94142 



PCT/GB01/02495 



9 

CLAIMS 

1. A transmission of the kind specified comprising a first epicyclic ./train 
having a first carrier member, which carries at least one first planet member 
which is in driving engagement with a first annulus member and with a first sun 
wheel member and a second epicyclic train comprising a second carrier 
member, which carries at least one second planet member which is in driving 
engagement with a second annulus member and with a second sun wheel 
member wherein the first carrier member is connected to the second annulus 
member and the first and second sun wheel members are connected together, 
the first annulus is connected to ground through a first electric motor and the 
second sun wheel is connected to ground through a second electric motor, one 
of said members of the first train provides an input to said transmission and one 
of said members of the second train provides an output of said transmission and 
there being control means to permit the speed of said motors to be varied to 
vary the output speed of the transmission. 

2. A transmission according to Claim 1 wherein the first carrier of the first 
train provides an input of the said transmission. 

3. A transmission according to Claim 1 or Claim 2 wherein the second 
carrier of the second train provides an output of said transmission. 

4. A transmission according to any one of the preceding claims wherein the 
output of the transmission is connected to the wheels of a vehicle. 

5. A transmission according to any one of Claims 1 to 3 wherein the output 
of the transmission provides an input to at least one other transmission. 
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6. A transmission according to Claijn 5. wherein the output of the other 
transmission or of at least one of the other transmissions is connected to wheels 
of a vehicle. 

7. A transmission according to any one of Claims 4 to 6 wherein the output 
of the transmission or said other transmission or at least one of the other 
transmisisons is connected to the wheels of a vehicle via a clutch means and/or 
a differential means. 

8. A transmission according to any one of the preceding claims wherein the 
first motor comprises a rotor connected to the first annuius member and a stator 
connected to ground. 

9. A transmission according to Claim 8 wherein the first annuius member is 
mounted to rotate fixedly with the rotor of the first motor. 

10. A transmission according to any one of the preceding claims wherein the 
second motor comprises a rotor connected to the second sun gear member. 

11. A transmission according to Claim 10 wherein the first sun member and 
the second sun member are fixed to rotate with a shaft and the rotor of the 
second motor is also be adapted to rotate with said shaft. 

12. A transmission according to Claim 11 wherein the first sun member, 
second sun member and the rotor of the second motor are longitudinally 
disposed on said shaft in said order. 
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13. A transmission according to any one of the preceding claims wherein 
bearing means are provided between the first carrier member and the first 
annulus member. 

14. A transmission according to any one of Claims 1 to 12 wherein the first 
planet members and the first annulus member are mutually supported by virtue 
of said interengagement therebetween. 

15. A transmission according to Claim 14 wherein all the interengaging 
members comprise gear wheels. 

16. A transmission according to Claim 14 wherein the first planetary 
members comprise taper rollers in frictional engagement with said first annulus 
member and said first sun wheel member. 

17. A transmission according to Claim 16 wherein biasing means are 
provided to bias said planetary members into said frictional engagement and 
reaction means may be provided for said first annulus member and said first sun 
wheel member. 

18. A transmission according to any one of the preceding claims wherein 
each electric motor is a switched reluctance motor. 

19. A transmission according to any one of the preceding claims wherein the 
transmission is a power split transmission in which means are provided to 
supply electrical power to one of said motors from the other of said motors. 



WO 01/94142 



PCT/GB01/02495 



12 

20. A transmission according to any one of the preceding claims wherein the 
transmission is provided with an electrical energy storage means in which 
electrical power generated by either of said motors is stored. 

21. A transmission according to Claim 20 wherein the power is supplied 
from the energy store to at least one of said motors. 

22. A transmission substantially as hereinbefore described with reference to 
Figure 1 or Figure 2 or Figure 3 and Figures 4 to 6of the accompanying 
drawings. 

23. A transmission according to any one of the preceding claims wherein the 
transmission is connected to another transmission. 

24. A transmission according to Claim 22 wherein said other transmission is 
of the same kind as the transmission claimed in Claims 1 to 22 is of a different 
kind. 

25. Any novel feature or novel combination of features described herein and/or in 
the accompanying drawings. 



WO 01/94142 



PCT/GBO 1/02495 




SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



2/17 




SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



3/17 




27 U 3V 

FIG 3 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



4/17 



c 



CO 



03 

c 



CM i— o 

m s 8 



CD 

cd 

(0 
TD 
CQ 

a> 
k_ 
a. 

CO 

to 



a> 



in 

CO 



.£ S .£ 2 ,S w S 

*- CO »- ^ >- CO ^ 



cd 



CM 
CL 



CM 

a. 

LU 



Lf) 
CM 



O § 



o 8 
« I 



a. 
O 



« p: s p Q-cp s 



a 

0C 



LU CM 0> 



00 



2 
a. 

« ^ .£cm.£cm-ooLU 



a> 
o 



CO 
O 



(A 
CI 

o> to 
B S 
w o 

.9 is 

CL O 

II u 

CM II 
LU LU 



CD 

li 

" o 

CO i- 

5 f °> 

v lip ±£ 

I S | 
S5 s I 

I ET °" 
o o .2 
a. - ±s 

3 g S 



o 

CO 



CO w 



X 

E 
2 

o 



£ 

CO 

eo 

CD 
CO 
CO 

o 

15 
o 

™ 

o 
a> 
o 
•a 



I 

2. « 

.2 g 

o 1 

O o 

o ® 

c S 



CO 
CD 



CO 
k. 

CD 

I 

a. 

o 

•*— • 
o 

LU 



CO 
CD 

c 
"o> 
c 

CD 

o 
■o 
o 



■o q> __ 

g.£ a§ oiqui 

a. w to co S _E 

LU O o U 



CM 
CO 
CO* 



3 »nS w Q-olu 



CD 

CD 
-C 
CO 

1*2 

CL 
CO 



g S,s ^ 
1 "i- 



a. 



E 



1 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



5/ 17 



CD 

c 

o> 
c 



8 



CD 
03 



o 

CD 



CO 

T3 



£1 



00 

o 



CD 



to 

CM 



CO 



CO 



CO 



0)0 



g» CO 2» °« c 



CO 
CL 



CM 
CL 

m 



8 



CM 



2 * c? 



0> 00 
CL © 

' CO 



J | E 

t ' s^f 

8 8 o 

cd 

3 2 

E" | 00 _ 

2 co Q-tt ixi 

§ § 

0) CO 



© o 



CL 

DC 



_ 00 

E 8 



CL 

DC 

§ 

00 Si o) co 

CD c **> 
* rf «? 



ca * 



CD 

o 



CO 
CD 

o> CO 
CO *r 

■•— o 

CO 

* i 

o is 
EL o 

ii « 

CM H 
CN 
CL ^ 
LU UJ 



O) CL 
.E DC 

f § 

CO o 
T3 £ 
CD 

S- co 

3 i- > 

O o § 

X O 5= 
CO c 
C = G> 

is £ 

"5 | S 
LL E <D 



CD 

3 
O 

CB 
O 

0 o 

CO c 

75 £ 

C CO 
0) CO 

x 8 

CD CO 

E * 

s S 

1 I 

i- CD 

£ i 
a s 

I I 

CD O 

g £ 



CM 

cS 

CD 
.C 
CD 



.2-5, 

CO c 

CO m 

e £ s 

g 2 _ CO 

£ ^ 11J 

= 1 

CD -t- CO 

> CD ■ 

| £ 

Q-. CO 

UJ CO 



lis 

o 
n 

g. S.g 

o E 



3 g - 

CT 5 CL 

g *r o cq lu 

CQ CO _ 

o o 

§ I 

q" CO I £ - 

O CO Q. g LU 

§ i " 

0) 0) 



1-g 



CD 

> -g* CD g- CO 

a_ C S CO _ ||j 

© O CM 0>i 



CL 
DC 



£ 



1 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



6/17 




CM 
LU 



<D p 
GD O 



00 

cm 



cd 

.c 

co 
-o 

CO 

£ 

Q_ 
CO 



in 

CO 



= §j '= CM 



.E ? a> 

CO 



a> 

CO 



- °> 5. 

Tj f 3" 5 2 8 

g, CM 3 ^ CN * 

Q. CO m 

UJ o u 



1 e 
5 o w 

« o 



cm 



"O 

^ si- 

i § 



2 
Q- 



i 



1— CO 
LU © 



Q. 
OC 



(0 
0) 

o> (0 

£ i 

Sf 

II © 

CM » 
> CM 
CL ^ 
UJ LU 



O) 

I 



0> 

■a 
o 
c 

to 



o 

CO 

u 
c 



CD 

o 



O 

CO 



CD 

= E 

M 



CO 
CD 
CO 
CO 
O 

« 



E CD 



i 

o 
a. 

3 



s 1 

a> a. 
« .2 

is 

■is o 

.E CD 

o o 
c c 



CD 
TJ 

c 

CO 

To 
u 

"E 

CO 

.c 
o 

CD 



CO 

CD 
CO 



O CM 
CO 



fifofsa 



§1 

CO c 
CO ^" 



CM S |g I w 

a S S 8 - 



2 *- 

O 0 LU 
~ © ^ 

CL 

c 



LU 



0) 

w *= 

CD —* 

> CD 

1? -c 

±2 w 

o 2 

i> Q. 

UJ O) 



CM 
CO 



~ (D 



o 

CD v. 
3 2 

o 



3 
o 



LU 



CO 



S XJ CD 

.2 CD *0 

co ^ m cd •= 

> ^ 00 Q. « T- 

=3 -c oc 



o 8 



a. 
oc 



E 
z 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



7/17 



cd 

JZ 
O) 



CM 
CO 



8 



CD 

c 



CM 
LU 



CO 

s 



CD 
CD 

.c 

CO 

■o 

CO 

o 

1- 
Q_ 

CO 
CO 



T ,E S .£ s .E co 

CO r (9 £ v! CM 



SI 

LU 



If) 
CM 



o g 



■o SJ S 
w o a£ ?2 o9 



CD 
O) 

c 

CD 

•c 
co 

CL 
CM 
0L 
LU 



CO CO 

o u 

S 3 2 

3 3 3 

co 5> to 



O 

LU 



O) 
C 

1 

CO 



Q. 
DC 



£ 
z 



E t 2 



2 

Q. 

AC 

O CM O) 

JX ^ .S ' 

CO ^ 'C 



CO 
CO 

CD CO 

£ I 

.2 is 

II » 

CM II 

Q- i— 

LU LU 



CD 
O 



8 

CD 

CO 

I 



CD 
O 



O 

CO 

75 
c 
k. 

CD 

I 8 

«= E 

S 2 
5 *• 

o 3 
a. o 

0 ■»- 

1 I 

« § 
a> a. 

w o 

I* 

■§ .2 

.£ CD 

o o 



1 

3 

o 

s 

o 
c 

£ 

CO 
CO 
CD 
CO 
CO 

o 

"co 
o 



o 
a 

CD 

c 

CO 

o 
c 

CO 

x: 
o 

CD 



CD 
CD 

x: 



O) 



CO 

it 

E ^ 

UJ 



75 "O CM 

I* 

« -a ft co 
i: to o o 

* Q. 
Ill CO 



CD Si 

.E rig 

g) « CM 

• 5 
u 

■o 

o § - 

CO 



g>5 ?0 CM 



sis- 

g t- O if) LU 
O io CL o — 



CO £ 



CD *- 
3 CD 

cr 5 in 

*r CO O ZJ t- 

S <? Q-g LU 

§ § 1 

CO CO 



— CD 
CD "O 
CD := 



>- 5 a> °> — uj 



Q. 

CC 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



8/17 



" ° a 



c 

CD 



CM 
UJ 




s 



to 

CO 



cm 



U> 0)° D)tT oxo 

^ C ° C CM C 

CO u co ™ r ^ ^ 

a s g g 

-o a> i- 

• 2- § 

£ Hfc * « § ^ 

° «S SS aw 



<D 

c 

O) 

c 

Q> 
CO 

S! 

UJ 
-»-» 
=3 
Q. 



(0 



CO 



*- DC q_ 



Q. 

DC 



Eli? 



© 



to 
c 
o 

Q. 

3 

c o 
c 



c 8 



o 

CD 



CD 

w 

CD 

I 



(0 
CD 

o> <0 

to -g 

^ i 

o *- 
"*-• 
Q. O 
Q) CD 

ii "55 
eg H 

a. r- 
m uj 



.2 

§ 

-a 

$ 

Q_ 

CO 
CD 

.*•§> 

U CD 
« >» 
CD -O 

SS "° 

2 CD 

E 2 

> CO 

u 

— . c 
if 3 



o 

CO 

c 

CD 

^ E 

| Q- 

o u 
°-B 

= 8 

U CD 
* O 
CD C 



CD 
CD 



CO 
T3 



Q. 

CO 

to 



CD 

3 
O 

8 

O 
C 

2 

CO 
CO 
CD 
CO 
CO 

o 

15 
o 

s 

o 

0> 
CD 
T3 

c 

CO 

o 
'c 

CO 

o 

CD 



0) 
O) 



CM 

CO 



CO 
CD 



CM 
CO 



C O ?<e ?S CM 



c _ 

2 §, 

(A r- 

1 5 

5" I a 



« s 

.E Q. 
O) CO 

o 



0) 



2" 



5 Q- 
- . O <t UJ 



.2 TJ 

4s « 



S <o o 



s 

CD 



CO 

o 



— CO 
CD • 



3 S N 2" 1 I s - 

<0 CO 2 CM CL^ 

§ g »c =V 

» CO CO 



LU 



CO ^ 



"O CD 

Q- co «r- 

^ c Q- 

= -—DC 
CD 



a 

JS2 a. 
UJ </) 



2* 



to 
O 
Q. 



a 
oc 



E 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



9/17 



CD 
C 

*5> 
c 

0> 



CO 
CO 




CD 
O 
-C 
€0 
T3 
CO 
0) 
&— 
Q. 
(0 
(0 



S .e : 

CO i- . 



T3 

J21S.S 

Q- co 

LU O 



a. 

a in 

o t- 

g <N 



= a £ 

o 



T3 
0) 

CD Tj- 
Q. CO 

CO CO 

c ■? 
3 

CO 



CO 

c 

■= * • 

2 Jo °-rr S 

S o 

CD i- 

CM O h- t- 

2 v 0.^01 



CO 

o 



CO 



O) 

c 



CO 



CO 
CM 



CM 
CO 



0>{g 0) 0 



CM 



CO 
0) 

D) CO 

= i 
5. ° 

CD JS> 

11 ® 

CM II 

5 s £i 

Q. r= 
LU LU 



CL 



O) 



CO 
CD 

c 

CO 
"O 

a> 
cu 

Q. 

CO 

CD 
CO 

I 



T3 
CD 

CO 



CO 

o 



o 

CO 



fi 

•* E 
3 2 

o 

r | 

o o 



II 



CO 

o 



o 

CD 

"U 
C 

CO 



CD 
CO 

sz 

CO 



CO 

IT 



o o 

O CD 

« O 

CD C 



CO 

.c 
o 

i 



I Si 

- o 
|| 

J J Q. 
<D 

"S- O 
i_ ^ 

CD +- 

> CD 

a. a> 

LU C7) 



CM 
CO 

CO 



sl 0 l 1 c 




"O CD 

4-« CD 3 

3 0) ^ P* 
Q. Q. CO 



CD 

O CO t— 



~ CO CO 2 ^ q.^. m 

° 3 

CO 



§ "O CD 

CO ^ CO S = 

2 c 5: 



S o 



CO 
O 
OL 



Q. 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



10 / 17 



CD 
C 

"5) 
c 

CD 



CM 



Q> 



CD 
C 



CM 
UJ 



in 

CM 



in 

CO 



.£ 8 .£ ° .S 



m 



*- cd 

- cd 



3 



Q. CM O 

HI o u 

ON? 

« w o O 

C ^ c 

3 3 

co 5> 



I 



CO 

o 



CD 

o < 
c 

3 

CO 



<D 
C 
O) 

c 

CD 

tr 

CO 
CL 

2! 

LU 



Cl 



LU 



0) 



QL 
0> 



I I 



UJ 



CD 



O O 



52 

I 
£ 



1 

o 
o 

•o 

0) 
CD 
CL 
(0 



8 



0> o 

E « 



CO 

o 

D) CO 

S i 

U *z 

'a_ o 
© J» 
ii «> 

CM II 

a. ^ 

UJ LU 



5 

a> 

CD g 

to a. 

■o CO 

CD <d 

co o> 

JO) g 

ills 
$■ § s 

o g a <D 

CD CM O O 
N t- C C 



CO £ 

co a> 

£ x 

CO « 

co E 

CD o 

CO E 

co 

o ° 

f t 

It: cd 

3T§ 

O CL 



CO 
CO 



CO 

o 
c 

CD 

L— 

CO 
CO 
CD 
CO 
CO 

.o 

75 
o 

I 

CD 



CO 

o 

I 

o 

CD 



CD 
CD 

CO 

^" 



w CM 

xT «> 

CD 

§ g 
5 o 

8 * 

•= CD CM 

E "5 <o 
2 5a 
£ -g 

(/)* O CM 
> CD 

a. co 
.52 -a 

h A A II) 

UJ CO 



CO 



5>© 



"= CM = = 



CM 
LU 



CD 
CD 



CD 



O) CO cm 

C T- 

<D i= 



"8 

CD 

3 CD 
Q, °- 



CD ^ 
£ O 0 LU 

CL 
C 



S 3 



CD »- 

3 CD 

co Jr o o t- 

JO 5 0 Q-d UJ 



c 

3 



c 

3 

CO 



.5 a xj 

co ^ co S? — 

»- g CM CO iu 

a; o m 



."2 



Q. 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



11 / 17 



I 

CD 
C 

CD 



CO 



CM 



CM 
LU 




CO 



0)0 O) CD 0 2> 

•§ 8 •§ ° •§ § | 



a: 



si" ° i ^ 

111 O u 

o 



o 

*: 
s 

CD 



Q_ 

o 



to 
c\i 



O p T- 
LU 



CO 



c 
o 

CD 



o g 



CL 



£ 



1 



CM 



CO 
0) 

CD CO 

« i 

cd JS* 

II «> 

CM II 

a. ^ 

lu hi 



ro 
O 

cn 
c 

*■£ 

CO 



CM 



0. 
DC 
o 

13 

C 

s 

I 

CD 

c 

1 

s 

CD 
CD 

a. 

CO 

a> 

o 

!E 
cu 
> 



CD 
M 



CD 
O 



O 

CO 

15 
c 

I 

0) 

E 
2 

I 
I 

O 
CL 
O 

o 

i 

CM 



CD 
CD 
JZ 
CO 

£ 

Q- 

co 

CO 



•o 

CD 



O 

CO 

o 
c 

CD 



CO 
CD 
CO 
CO 
O 

75 
a 



o 

CD 



CO 

o 



o 

CD 

S 



CD 
CD 

CO 
CD 



CM 
CD 



CD 



CO 



CM 
CO 

CO 



CD 

.2 o 

CO tjj 

CO w 

1 .g 

c x: 

co cd Ql 

i- > uj 



.*: cd 

H 

i to o 2 

UJ CT) 



2 CD ^ 
Q_ O g O Q LU 



CL 

s £ 



fe 6 * 



CO 

o 

CD 



- • 3 g 

« S S ? CL O LU 

CO CO CO 



CD 
_3 



"5 Q> 

■m CD "TJ 

>-==<© 53- co t- 

jk 5 m w 5 ui 



CL 

DC 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GBO 1/02495 



12 / 17 



© 
c 

§ 




a. 
oc 

S 

CM 

« 3 
§1 

CO c 

.2 © CM 

e > 

C T- 

2 IS 



LU 



CM 
CO 



§ 



CO 



CO 
0) 

O) CO 
CO -g 

^ § 
J* 

'5. o 
o © 

II © 

CM H 

o. ^ 

III UJ 



I 

3 
O 

to 
75 
E 

fi 

CD 

E 
o 



I 

o 
a. 



o 
© 
a> 



§ 

Q_ 

"5 
u. 



O 3 

EO 
, . (0 

% "S 
3 £ 

ii E 

© w 

is 

Q. O 



CO 

I 

CO 



1 

3 

o 

co 
o 



CO 

CO 

a 

CO 
CO 

o 
8 



O i- 

e § 

o e- 
k o 

t> '£ 
a> o 

© ® 

.2»o 
x: i— 



© 
© 
■o 

- _ c 

*co 
u 

"E 

CO 

o 

CO 



CO 



C CM 
■C CO 



Us 

g> « CM 

1|- 



CD 

lag 

o 5 



g>8 S? CVI 

.£ 2 .E co Lu 

s * - 

J- CM O CM UJ 



CO 

o 



CO i 

o 




CD i~ 

2"^ | lO 

S CM IX {5 UJ 

c c - 



"O CD 
0) -o 
CD « 



CO 



CO 



o P o o 

© Q. ffi £L 



> — n CL (o 
J- eg » ™ 
« O CO g>f 



UJ 



S 5. 

UJ (A 



Q. 



E 5 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



13 / 17 



© 

CD 

c 

© 



CM 
CO 



© ^ 



m 

cm cm co 

w a T 



CM 



cd 



1 * 

12™ 

r 

© 

S o 

O CM 

© 

© 

5 5 8 

2 GC £ 
o 



■£ cm .5 to 



s s 

o in O" 
q. cm _ 



(0 



2 at 

Q. 

1 &! 

Sow 
§-g = 

co i> 
o O 

I 

O CO ^ 
Q. t- LU 
C ^ 
3 

<0 



2 
a 
cc 



LU 



00 

1^ 



© 
3 

8 



a) 
2 

i 

O 



"55° 

si 



CO 

£ 

CL 
CO 
CO 



T3 
© 



CO 

u 



CO 

© 

co co 

£ i 

O *3 

"5. ° 
o © 

ii "5 

CM » 
5= CM 

LU LU 



§ £ 

00 <D 

II 

ll 

E °- 
o « 



— o 



© 



CO 

© 

to 

CO 

o 

I 

5 

o 
© 



o 



© .£ 

© "5> © 

I t> g 

a. © £ 

— .c © 

LL. £ © 



© — 



8 



o 
© 



© 
© 

CO 

co 
ii 



CM 
CO 



CM 



CM 
CO 

CO 



«4 

© e 

.2 © 
E g 
g 1 

2 r s: 

.ts © 

co 5 CM 
^ <o o 

§«<? 

°- CO 
.52 T3 

* S o 8 
© S."- a. 

Ul CO 



cn 

c CM 
■C co 



T3 

© & 
1 fig 

O) CO CM 

o 

? 0) Ift 

o. a- cm 

±rf CO LO 



Q_ 

DC 



0)0 CO 00 p., 



© 
3 

cr 



© -i- 

O CO LU 



J- CO O CO LU 

8 8- 



* W O 

o co a.j 



in 



LU 



c 

3 

CO 



3 -a a> 
5 o> -S 

5 >.<*■ £ = 
> — eu n oi i- 

i. c 3 to m 

=5 ."§ * 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



14 / 17 



J? CM 
CD 



CM 
UJ 



O © 




a> 

CO 
"D 
(0 

a> 

CL 

(0 
(0 



in 

CO 



CJ> CF> LO 



.£ CM .£ v .E CO o 



3 



1 S! 

> - LLJ 



"a 

cm o t t ^ 

^ S S S o 



UJ 



m 

T— 

CM 



CC 



CD 



© 3 SJ 

Q. CM t _ o w> «- 
co JQ S "9 Q-cp E 



CO 



3 

(0 



3 

CO 



Q. 

DC 



Hi 



^ n o 

S 2 



13 

CD 



3 
O 

(0 

u 



2 

(0 



CO 
CD 

o> CO 

SI 



CO 

_ > a> 

2 co 

II o CO 

=2 I 8 

O) CD S 

2 li 



o 

II o> 

CM " 

a. r- 

UJ UJ 



2 
.a 



o o 
.2 o 



° E 
° 75 «> 

o go 



JO) 
CP 
TJ 

c 
co 

"5 
o 

"E 

CO 
JC 

o 
a> 



0) 

a> 



6 co 



cc 



§1 

I g 

(0 o 

?i 

»- ctf 

o g 
i> a. 

LU </) 



CM 
CO 



C CM 

•c CO 



CM 
CO 
CO 



0L 



CM 
CO 



u 
*o 
3 o m 

Q. Q-CM 

O § - 

CO 



CD 



s £ 



SO)OtOLU 

1= *- 
ca 
u 

CD i- 

| I 

§ § 

CO CO 



* o „ a.| 
=35 -i* 



o g 



a. 



i 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 



15 / 17 



D) © 



CO 

o 




S3 3 * ^ 



m 

CO 



CD g o>^- 



CD 
C 

- ' c 

(0 



-o 

3 f « S 2 £ Q-d 
cm 5 w m c l! 



CM 

a. 

LU 



to 
o 

■o 

a> 



S 

o o 



to 
o 

© 

3 



€0 
O 



21 

LU 

3 

o 



a. 

DC 



CM 



CD -» jr 

c " c c ■ 



CO 



CO 



25 8 

CO Q_ 

CD 



CL 



E 



CD 

c 

0) 
CD 

c 



LU 



CO _ 
© O 

5! <? - 



CO 
CD 

D> CO 

* i 

£ o 

o'£ 
5 o 
© .£ 
II <» 
cm " 

^ fM 
Q_ ^ 
lii UU 



I 
1 

Q. 

E 



o 

1 

2 

CD 
C 
CD 
CD 

CD 

£f 
3 
O 
CO 



I 

CD 

O 
*-* 

w 

CD 

O 

a. 

CD 



O w 



O 
CD 



tA O 
II CD 

il 

i_ O 

y 

CD 

o 

H CO 



CD 

Jt CD 

o "go 



CO 

TO 

2 
Q. 

CO 



CD 

i2 

3 
O 
CO 

o 

o 

c 

£ 

CO 

CO 
CD 
CO 
CO 

o 



CO 

a 

1 

a 

CD 



8 



O 
CD 



CM 
i— 

S> 
CD 

CD 



2 
o 



CM 
CO 



CD o CD CD 

.E w .£ 9 £ ^ S 




i 

O 



CM 



*- CO — * 

°- CO 

.2 -a 

UJ (O 



o 



a> a. 
3 | 



a. 

LU 

CM 3 

CL 

c 



m CD — 

3 cd co cr s» 

CO CO CO 



CL 



3 7, CD 

-= cd -n 

TO © = 

> 5 S- CO r- 

05 '= a 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GBO 1/02495 



16 / 17 



CM 

CO 



© 
in 
w 

(I N» 



CM 
Ui 



N 
O 

in 

s § 

o> 

O O ^ 
ii u ii 



CO 

<? 



in .£ 



■§ ~ 55 « 

w CO *- — - t- 

Jt O JL m 



O 
ti 



CO 

O 



9 "t | 
ii ii °- 



"2 « 



CD 
3 
ST 

St 



O 
Q. 



CO 



ui 



* 

o 
in 
m 



21 

111 



o 



Q. 

co 



3 r*. 
II 



o 
m 
in 



C C * 

3 « 3 

« X « o 
II II 



a> 



CM 


13 






1 


Jlai 


Qi 




CO 


<D 




Sheel 


t calci 


eadsh 


o CO 


Fig 4 


re no 


his spr 


ric Pc 

Cll IOI 1 1 


n 


to 


er t< 


ses 


c 
o 


Elect 
Tr 


Ref 


los 





1 

c 

CD 
c 

c 

cu 



o 

8 



1 



(0 
O 
Q- 



CL 

oc 



i 



UJ 



m 

+ 



Q 

II 



O 
in 



UI 

II 



+ 
CO 

1 



s 

in 

JP ?co J?gj ^ 
.£ .E cq .£ £ in 

S £ 

II II H 



T3 © 

.So. £ 

CQ O b »- TP 

a«P 8582 

UI u II II 



fl) in t- 

o 9> ui 
a. o> — 

S ft = 

0< £ 



■a 
o 

ts 

(0 

■o 

CO 
Q> 
>- 

a. 



s 

jo 

3 

£ 
o 



— 5 £2 3 



5. Q- * o ° 



o S 



c 9 c S c 

3 CO 3 55 3 
CO qq CO (0, CO 



a 
II 

s 

a. 
oc 



£ 



o 
m 
m 

g> 

o> 
00 



0) 



S is" 



i 

CO 



•c oc 



SUBSTITUTE SHEET (RULE 26) 



WO 01/94142 



PCT/GB01/02495 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Int >nai Application No 

PCT/GB 01/02495 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B60K6/O4 F16H3/72 



According to International Patent Ctassfftoatfon (fPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (dassincation system followed by classification symbols) 

IPC 7 B60K F16H 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name ot data base and, where practical, search terms used) 

EPO-Internal , PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation ol document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 558 589 A (SCHMIDT MICHAEL B) 
24 September 1996 (1996-09-24) 
figure 7 

DE 30 15 754 A (DAIMLER BENZ AG) 
29 October 1981 (1981-10-29) 
figure 1 

US 5 577 973 A (SCHMIDT MICHAEL R) 
26 November 1996 (1996-11-26) 
figures 



□ 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



0 Special categories of cited documents : 



document defining the general state of the art which Is not 
considered to be of particular relevance 
'E* earlier document but published on or after the International 
filing date 

■L" document which may throw doubts on priority claim (s) or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

•O" document referring to an oral disclosure, use, exhibition or 
other means 

'P* document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"V document of particular relevance; the claimed invention 

cannot be considered to involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



27 September 2001 



Date of mailing of the international search report 



05/10/2001 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Riiswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31 -70) 340-3016 



Authorized officer 



Goeman, F 



Form PCT/lSA/210 (second sheei) (Juty 1992) 



INTERNATIONAL SEARCH REPORT 

nf onnatlon on patent family members 



In maJ Application No 

PCT/GB 01/02495 



. Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 



US 5558589 



DE 3015754 



24-09-1996 



DE 
DE 
EP 



69511745 Dl 
69611745 T2 
0755818 A2 



29-10-1981 



DE 3015754 Al 

FR 2481207 Al 

GB 2074963 A ,B 

US 4388977 A 



15-03-2001 
05-07-2001 
29-01-1997 



29- 10-1981 

30- 10-1981 
11-11-1981 
21-06-1983 



US 5577973 



26-11-1996 NONE 



Form PCT/lSA/210 (patent family annex) {July 1992) 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

BLACK BORDERS 
ft IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
j& FADED TEXT OR DRAWING 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

ft COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



